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(54) SEMICONDUCTOR LASER ELEMENT AND OPTICAL INFORMATION REPRODUCING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the ripple of a far field 
pattern of a semiconductor laser, by so setting the 
compositions and the film thicknesses of its upper and lower 
guiding layers that the ripple of its far field pattern in the 
vertical direction to the surface of its laminated layer is 
suppressed. 

SOLUTION: In a semiconductor laser element 1 00, the 
compositions and the film thicknesses of its n-Iny1Ga1-y1N 
lower guiding layer 104 (film thickness d1 nm) and its p- 
Iny2Ga1^2N upper guiding layer 107 (film thickness d2 ^m) are 
so set that the condition of neq>nGaN is satisfied between an 
equivalent refractive index neq of its oscillation mode and a 
refractive index nGaN of its GaN layer 101. The case satisfying 
this condition exists about within the scope of 0.06>d1+d2. 0.01 
<y1, and 0.01 £y2. In the semiconductor laser element 100 
existent within the scope satisfying this condition, there can be 
obtained always a single-humped far field pattern whose ripple 
is suppressed to the extent of no problem occurring. 
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(57) [^JKj] 

I«f»#Sl GaNgt. AlxlGai-xiN (0. 0 
5^x1^0. 2) Tm^yyVmt. InyiGai-yi 
N (0<y Kl) TU:^^ K® (Ki?d 1 [//m] ) 

Mall nbiGai_al-blNi-el-flPelAs 
flCO^al. O^bl, al + bl^l, O^el. 
O^fl. el + fl<0. 5) #FS^A la2l nb2 
G a l-a2-b2Nl-e2-f2Pe2A Sf2 (0^a2. O^b 
2. a2 + b2^1. 0^e2. 0^f2. e2H-f2 

<o. 5) kmmt(D^'K^mm'^f)-ht^^mm m 

ifWa [Mm] ) <i:. I ny2G a i-y2N (0<y 2< 
1) l^UiS^ Vm m^d 2 [Aim] ) A lx2Ga 
1-X2N (0. 05^x2^0. 2) ±JaS^7y KSt. 
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A 1 xiGa i-xlN (0. 05^x1^0. 2) TSP^7 

1 nyiGai-yiN (0<y Kl) TSP::!/^ Kl (ffilf 
d 1 [Mm] ) i:. 

A I all nblGai-al-blNi-el-flPelAsfi (O^a 
1. O^bl, al + bl^l. O^el. O^fl. 
el + fl<0. 5) #FSi:A la2l nb2Ga 
l-a2-b2Ni-e2-f2Pe2A Sf2 (0 ^ a 2. 0^b2. a lo 

2 + b2gl. 0^e2; 0^f2, e2+f2<0. 

5) nmt(D^is.^mmm-hfi^^'&M (iii?wa 

[mhi] ) 

I ny2Gai-y2N (0<y 2< 1) IM^^ Kl (Kf^ 
d 2 [Mm] ) i:. 

Alx2Gai-x2N (0, 05^x2^0. 2) ±S15i^ 7 
[K««2l GaNlt. 

AlxlGai-xiN (0. 0 5^x1^0. 2) TS5i^^ 
5^ Kit. 

1 nyiGai-yiN (0<y 1< 1) T^^^ K® (IHW 
d 1 [/im] ) 

Alall nbiGai-ai-blNi-el-flPelAsfi (O^a 
1. O^bl. al+bl^l. O^el. O^fl. 
el + fl<0. 5) #FgtAla2l i^b2Ga 3o 
l-a2-b2Ni-e2-f2Pe2Asf2 (O^a 2. 0^b2. a 

2 + b2gK 0^e2. 0^f2. e2+f2<0. 

5) ^mmiKD^-K^mmmt^hfi^^^m (KEwa 

[^m] ) t. 

I ny2G a i-y2N (0 < y 2 < 1 ) ±Mf!^ Kl (Kl? 
■ d 2 [Mm] ) ts— - 
Alx2Gai-x2N (0, 0 5 g x 2 ^ 0 : • 2) JifiB^ 7 

Kif^^ftc V-— If 5g^<D«S^O«jK^- K^ffiJSJf * n 40 
eqt. KOaNlOBJlf^nGaNi:^™*-* neq^ncaN 

Klc^gillt&^SrKSLT/iiSliSrl^mti-S 
[!S*«3l GaNlt. 

AlxlGai-xlN (0. 05^x1^0. 2) Tffl^^7 
:y K® t . 

I nyiGai-yiN (0<y Kl) TS^-^ Kl (^H 
d 1 [Mm] ) 

Alall nbiGai-al-blNi-el-flPelAsfi (O^a 5( 



2 

1. O^bl. al-fbl^l. O^el. O^fl. 
el-ffl<0. 5) ?fFl<^A la2l nb2Ga 

1- a2-b2Ni-e2-f2Pe2A Sf2 (0^ a 2. 0^b2. a 

2- fb2^1. 0^e2. 0Sf2. e 2 -r f 2 < 0 . 

5) ^mmt(D^:E.^mmmt^hfihf^^m mmi^ 

[Mm] ) t. 

I ny2Gai-y2N (0<y 2<l) -hSS^-f Kl (Kl¥ 
d 2 [Mm] ) i:. 

Alx2Gai-x2N (0. 05^x2^0. 2) ±66^7 
T. 

I^TSP^tf^ Klit5j:t;^±g&;^f-r K^o^l? t*i^^> 
0. 06^dl + d2^0. IT&^OO. 06^yl. 
0. 06^y2. tt<li. 0. I<dl + d2^0. 
15 3&>oO. 04^yl, 0. 04^y2, t>t<li. 
0. 15<dl + d2^0. 2 7!)^oO. 0 3^yl. 
0, 03^y2. tL<ft. 0, 2<dl + d2^0. 
Zt^-oO. OlS^yl. 0. 015^y2. t)L< 

0. 3<dl+d2?!)^oO. Ol^yl. 0. 01 
^y2. (n\^-fM^(0^m\z.WLt.\.Xfih^ti:W&.b 

111*^4] GaNlt. 

AlxlGai-xiN (0. 05^x1^0. 2) TU^ y 

y Kl b . 

1 nyiG a i-yiN (0 < y 1< 1 ) TSiS;^f^ Kl iBM 
d 1 [Mm] ) ts 

A 1 al I nbiG a i-al-blNl-el-fl PelA s n (0 ^ a 
K O^bl. al + bl^l. O^el. O^fl. 
el + fl<0. 5) #Flt A 1 a2l nb2Ga 
l-a2-b2Ni-e2-f2Pe2A Sf2 (0^a2. 0^b2. a 

2 + b2^1. 0^e2. 0^f2. e2+f2<0. 

[Mm] ) 

Iny2Gai.y2N (0<y2<l) IMH^ (KJ? 
d 2 [Mm] ) 

Alx2Gai-x2N (0. 05^x2^0. 2) ±Mi7 y 

y^O. 0 0 3/d-O. 0 0 3+ (0. 0 0 7-0. 
22XWa) + (-0. 010 + 0. lOXx) [fcfc 

d= (d 1 + d 2) /2, 

y=: (yixdl + y2Xd2) / (dl + d2) . 
x= (x 1 +x 2) /2] 
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(3) 

3 

(11*316] GaNl^. 
AIxlGaj-xlN (0. 05^x1^0. 2) TfflJ^7 
y Kit. 

1 nyiGai-yiN (0<y Kl) Tn^y( Kit, 
Mali nblGai-ai>blNi-el-flPelA sfi (O^a 
1. O^bl, al + bl^l, O^el. O^fl. 

el + fl<0. 5) #FStA la2l nb2Ga lo 

1- a2-b2Ni-e2-f2Pe2Asf2 (O^a 2, 0^b2, a 

2 + b2^1. 0^e2. 0^f2. e2+f2<0. 

5) mmmt<D^K^mmmt'h^j:bs^mt. 

1 ny2Gai-y2N (0<y 2< 1) ±^if^ Kit. 
Alx2Gai-x2N (0. 05^x2^0. 2) ±M^ y 

y Kit. 

W^T^^^ Kl<7)KWd 1 m. mTU:ti^ Vm<0 I n 
%myls IthUiS^ Kl Allied 2 Mm. ^i.XI. m 

KlO I nS^y 2;!)5 20 
0. 0 6gd 1 + d 2. 
0. 0 l^y 1. 0. 0 l^y 2 

[11*^7] m^TU:^^ h'mommd i ^m^xn 

UTU:^^ h^M(Dl nm.f$.y IT^K yl^O. 0 0 3/ 

d.1-0. oo3<omm^mit'r. m^^e\c^m(D^ 

[11*^8] BiJET«H5:^-f m<ommd 1 um:^XXl 
KTSI5:^-r KlO I nM^iJcy yl^O. 003/ 
dl + 0. 0 0 2(;5BI««rffi:/bi-. ft*3S7«c|B«g(OiN^ 30 

[iS*^9] ttE±SiJ:^-r Kl(D|gWd 2/zm*5J:K 
±nif>f h^moi nl&^y 2i)K y2^0. 003/d 

2- 0. 0 0 3 (Dismimitt. ts*« 6 tciatt(Oif^» 

tfl*«l 0] fiulE±8fB;<f^ Kl<^ISJ5d 2 /imfci: 
tJfK-bfilS:<f>f K1<^I nifijSy 2;5S. y2^0. 00 3 

/d2 + o. 002 omm%:mtii'. »*« 9 \z^m(D 

ffiTSiJ;«f'< K1<DI?$ d 1 Mm, ffiffi±ffl^-r K1(0 I 
nMfi£y2. Hul5±Sf|i;5f-r K10e:$ d 2 MmioJ:t;5gtj 
laSttltOif^Wa A/in;OS. 

y^O. 0 0 3/d"0. 0 0 3+ (0. 0 0 7-0. 

2 2 XWa) 

r d = (d 1 + d 2) /2. 

y = (ylXdl + y2Xd2) / (dl + d2) . 

[sS*«l 2] milSTaJ^^ KlcT) I nM^y 1 , ^ 
i^T%:tf^ Kl<7)l¥$ d 1 m. fllE±6=P^^ Kl(;5 I so 



4 

nffl^y2. HUIE±g{5;^f-r KlOJSJ d 2 Aim:feJ:t/iu 
EftttlOllL^Wa /im;6^ 

y^O. 0 0 3/d + O. 00 2-r (0. 0 0 7-0. 
2 2 XWa ) 

irX*. d= (d 1 + d 2) /2. 

y = (yixdl+y2xd2) / (dl + d2) . 

(it*«l 3] ttl^^T%:^^ KlOI nMfiJcy 1. fu 
!5TSiJ;</-r KlOif^: d 1 . m^^TU^ y y KlcOA 1 
fflfigx 1 . mt^±.U:^^ Klco I nMfiicy 2. 
;«f>r Kl^T^m^Fd 2*5j:r5BtjtS±«f|5^7 5/ K1(7>A l ffi 
^x 2;i\ 

y^O. 0 0 3/d-O,, 0 0 3+ (-0. 0 1 0 + 
0. 1 ox x) 

rrt*. d= (d 1 + d 2) /2. 

y = (ylXdl + y2Xd2) / (dl + d2) . 

x= (x 1 + x 2) /2. 

[ft^it^l 4] HiIlSTa;?/^ Klc7)I nm^y 1. mi 
ETgi5;if'< Kloii:^? d 1 . mmTU^ y y K1<DA 1 
ffl^x 1 . mJl5±lfU;<f-< Kl(7) I nJSa^y 2. H5E±?as 
KlcOlf:$d 2i3j:U58tj|2i|fP^7o, KlOA 1 ffl 

fiScx 2;ii5. 

y^O. 0 0 3/d + O. 0 0 2+ (-0. 0 1 0 + 
0. 1 OXx) 

rrT\ d= (d 1 + d 2) /2. 

y = (ylXdl + y2Xd2) / (dl + d2) . 

x= (x 1 + x 2) /2. 

tOBS«S:8Sfc1-, iS*^ l 3(clB«fe<D^»ftu— 
t. 

looo il 

^{f«S4ySfil::ML. ^i;:. FFP (Fa r Fie 
Id Pattern) 75>S:$f /^^^{^ U-^-f J^glcH 

[0 0 0 2] 

[i**C0igJS] G a N. I nN. A 1 N:fcJ:l>'-^-ixib<0 
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-i/ (Ma s a r u KURAMOTO e t a 
l.:Jpn. J. Appl. Phys. vo 
1 . 3 8 (1 9 9 9) p p. L 1 8 4-L 1 8 6) 

1600 (i. n-GaN160ll (^I? 1 0 0 m m) 
±|C. n-Alo.07Gao.93NTeB^^-;/Kll60 2 

(Ml? 1 M m) . n -G a NTIBS:^^ Kll 6 0 3 m 
ii:0. 1/im). I no.2Gao.8N (IK@^3nm) /I 10 
no.05Gao.95N (Kl?5nm) - 3 SSi=^#Fffi141 
1 6 0 4. p-Alo.l9Gao.8iN^-Y'77"ll 6 0 5 

(K)?2 0nm) . p-GaN±gli;tf^ Kll 6 0 6 

Alo. 07G ao.93N±SS^7 
5^K11 6 0 7 (KeO. 5//m) . p-GaN3V^ 
i5^hll 6 0 8 (^IfO. 0 5 Aim) t^WC(j^^WA^^ 
ixT:j3>9. ^fi. liib<7)±T(::(t^ti-e;^tmffil 6 0 
9, 1 6 1 0;^5?gfiK$KTV>^o U-if^^l 6 0 0T 
tl. gttll 6 0 443J:D«;(f>r Kgl 6 0.3. 1 6 0 6 

:y Kll 6 0 2. 1 6 0 7 20 

[0 0 0 3] 

5|5(7)^^fls:u>— tF^^l 6 0 OT*fl. £ilTi-*1"i 9 ?i 

Iflg?-! 6 0 0Srf^»bfcir5. mi 7 1^^-f J:9^^ 
FFP {yy-y ;6S#btifio 01 

7 <;?«Wit^STfc 9 . SttS 1 6 0 4 {cSSX^-tcoS 
^^rS]|-sp^T/jjSrtl-*5Jt^>t^'--A(0ftSSr^t. Ell 30 

^^m\^\.X^^. mS:. »iCFFPi:l^«tTV^ 
5o *?^jiil:l;i*5V^T. FFPirft. tf3tO§BPS5 

Tfe?)o Bi 7<7)^/7:7|::*5V^•r. FFP1701. 1 
7 0 2»t. ±lB«iico^W{*:u— Iffg^l 6 0 OOjg* 

^>>^>'V;65ae3ix5o lai 7l::^^Fix5J:5lcy 
^g^lcioTl^FFP 1 7 0 liOJ:5{-fiii?) « 
T«JS!lS*lTV^5fc<?5t>fe5;i^ FFP 1 7 0 2OJ:9 
IC, g«?it<^>t>a?>n5a FFP 1 7 0 3lt. 

_t|22t£:^($:U-if^^l 6 0 OOffl3g^-*3V^T. n-A 
10.07Gao.93NTa5^^y 2^ KH 6 0 2 0^S:«r±l£ 
lMm7!)^?>0. 7 /im-^t/h$< U:/b»^OFFPT'fc 

t0004] 01 7[IFFPi: UT^tj^ L<f Sffi 
i: LTffl^^ti^rv^5G a NS l 6 0 1 0*gfBD^pK^<g: 



6 

fe^G a Nil 6 0 1 {IfflV^fc^9> G a Nil 6 0 1 CO 

^MifeSS^i^'>$-fr^^. ±20' W-j^o^') v':r}viy^ 

It^tSc 1211 7(Iiott^FFP 1 7 0 1 tFFP 1 7 

^ -jlxl-^ TSiA 1 G a Ni^^y Kll 6 0 2(7) 
Tl^fc^GaNll 6 0 l<OM]i:;65:i^^V^(5if. UixT^ 

[0 0 0 5] t^5t5(0!J«t-<tii{i. ffp 

(ci; ^/7"y^;^)5^l:Tt^v^. ft^cT^^-g-, FFP5SS*t 

Oipl::. (1) TlaJ^7^;/ Kll 6 0 2(Dll|:?rl¥< 

(2) Ga Nil 6 0 ItT^^s^BP^pR^iST^ii: 
6. (3) GaNll 6 0 l(D^)i3Eifell:S:ti:'^$it^, 
(OV^Tixd^tcrOMSJ^ixSo td^U. ±E (1) tL 

TGaNlieOl ±lwA I G a NTSliiJ^ 7 5/ Kl 1 6 
0 2^li:<?FM-r5^> ^^:y^;!)^^4-r^*3-tix;0>fo 
5, Sfc. ±E (2) irLTGaNll 6 0 lO^fip^D 
ltSrffiT$-frS> fo^V^tt±E (3) tUT^^tefiS: 
?i^^^ix54^^ft:i--if^T-l 6 000 

(1) ^ (3) 0#fetittlS#355fc9. ^e*'9<t<. 
[0 0 0 6] FFPl-U ^;/7'/V':d5^C5^. )tfy^T 

[00 0 7] 

^11. GaNl^. AlxlGai-xiN (0. 05^x1 
^0. 2) TSiS^y^;' Kl^. InyiGai-yiN (0< 
yl<l) TlR5?tf-<Kl (Klfdl [/zm] ) A 
lall nblGai_al-blNl-el-flPelAsfi (O^a 
1. O^bl. al + bl^l> O^el. O^fK 
e 1 + f KO. .5) #F®i:A 1 a2l nb2Ga 
l-a2-b2Ni-e2-f2Pe2Asf2 (O^a 2. 0^b2. a 
2 + b2^1, 0^e2. 0^12. e2+f2<0. 
5) Kill<i:(OS!S#l«it7!»^b^^5?£ttl (^ilW a 
[mn] ) I ny2Gai-y2N (0<y 2<1) ±|FB 
:^f^ Kl (8il?d2- [/im] ) Alx2Gai-x2N 
. (0. 05^x2^0. 2) ±Siii5'7';' Kit. Sr^co 
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[0 0 0 8] ^7t. Ga 
Nli. AlxiGaj-xlN (0. 05^x1^0. 2) 
TSfU^^^'Kli:. I nyiGai-yiN (0<y Kl) 
TSU;if>r Kl (Igjf d 1 [/im] ) A lail nbi 

Gai-al-blNl-el-flPelA sfi (OSal. O^b 
1. al + bl^l, O^el. O^fl. el + fl 

<0. 5) #F®i:A la2l nb2Gai-a2-b2Nl-e2-f2 
Pe2A Sf2 (OSa 2. 0^b2. a2 + b2^1. 0 
^e2. 0^f2. e2+f2<0. 5) W^l t (D^^ 

^^mmm^hfih^^m (i^swa [M.m] ) i 

ny2Gai-y2N (0<y2<l) ±Sl5;^-f Kg (Kl?d 

2 [;um] ) i:. A I x2G a i-x2N (0. 0 5^x2^ 
. 0. 2) ±a5^7iyK®i:. ?r^(^)liJc<i;t/ci}^2gft:i/ 

^-K^ffiS*f2$5neqt> KG a Nl<7)®tff*nGaNi: 

[0 0 0 9] J|^±(7)1S^{c ct 19 . ?£*(^S«<7?it^Sf2^u 

[0 0 10] *^B>^COit^^t^W---if^^-(i, G 

aNSt. AlxiGai-xlN (0. 05^x1^0. 
2)T^^7iyKlt. I nyiGai-yiN (0<y 1< 

1) -Y^l^^ KS (l^i:d 1 [Mm] ) Mali 
HblGai-ai-blNi-ei-fiPelAsfi (O^al. 0^ 
bl. al + bl^l, O^el, O^fl, el+f 
KO. 5) #Fgi:Al a2l nb2Gai-a2-b2N 
l-e2-f2Pe2Asf2 (O^a 2, 0^b2, a2 + b2 
^1. 0^e2. 0^f2, e2+f2<0. 5)(iS 

m] ) I ny2Gai-y2N (0<y 2< 1) iM1^4 
KS (K15d2 [Mm]) i:, A 1 x2G a i-x2N (0. 
05^x2^0. 2) ±«f|5^75/ Kit. «rrollS(Cffi 

K±«i5;tf>< Kl(OKii:i:j|a^^. 0. 06^dl + d2 
^0. l;&^oO. 06^yl, 0. 06^y2. t)L< 
il. 0. I<dl + d2^0. 15;^^00. 0 4^y 
1. 0. 04^y2. tL<(t. 0. 15<dl + d2 
^0. 2^*0 0. 03^yl, 0. 03^y2. tt< 
(1. 0. 2<dl + d2^0, 3;!)^o0. 0 15^y 
1, 0. 015^y2. tL<|j:. 0. 3<dl + d2 
7!)*O0. Olgyl, 0. 01^y2, (O^^-^M^O^^ 

[0 0 11] ^P^d, *:^P.qcOi)^«t^u-if$T-|j:. g 
aNSt. AlxlGai-xiN (0. 05^x1^0. 

2) TS^ 7 5/ Kit. I nyjG a i-yjN (0<y 1< 



(5) 

B 

1) Tffl5;^>l' Kl (SiJf d 1 [/im] ) t. A lai I n 
blG a i>al-blNi-el-flPelA sfi (O^al, O^b 
1. a 1 + b l^K O^e 1, O^f 1. e 1 -f f 1 
< 0 . 5 ) #^1 1 A 1 a2 I n b2G a i-a2-b2N l-e2-f2 
Pe2Asf2 (O^a 2. 0^b2, a2-fb2^1. 0 
^e2. 0^f2. e2-ff2<0. 5) K^l 1 
S*l«ii;&^^<t5Sttl (lgJ?Wa [/zm] ) t, I 
n y2G a i-y2N ( 0 < y 2 < 1 ) Kl (Kl?.d 

2 [/zm] ) t> A lx2Gai-x2N (0. 0 5^x2^ 

10 0. 2) ±gi5^7yKlt. ^:L(Dmsmk.iz^'%^v 
— ifig^TfcoT. KTes5tf>r Kiii5j:i;ig±«PB^>r k 

IcOliilt*!^^. y^O, 0 0 3/d-O. 0 0 3 + 
(0. 0 0 7 -0. 2 2 XWa) + (-0. 010 + 
0. 1 0 X x) [fcff L. d= (dl + d2) /2, y 
= (ylXdl + y2Xd2) / (dl + d2) , x = 
(x 1 + x 2) /2] (^iSH(::K;EtT*51tSr1#il6: 

t-r5o 

[0 0 12] ±E*^P>^^7)¥#ft:^'-1f^^lCiol^T. 
ff*L<(l. yl^bl-0. 08. y2^bl"0. 
20 0 8 T'fc»9. $b(C$f^t<(l. yl^bl-0. 1, 
y2^bl-0. lc^iEfflllRBjg$:tl^o 

[0 0 131 4^. ±IE*|gWtOit^3|flcu— tfSg^tcio 
V>T. »4L<(t. yl^O. 01. y2^0. 01. 
y^O. 16-0. exdr-fc"?. 
yl^O. 01. y2^0. 01. y^O. 13~0. 
6XdTfc5. ftt>»S tV^««8t LT. $e)tC. yl 
^0. 02. y2^0. 02. d^O. 12 0®ffllC|E 

[0014] fl^. T^li^ Kl t (i. A 1 G a NTIRS 
30 ^7 5/Klt. ffittltJiififeSix/::. Al*«fiK5c3Bt 

5i^>gil^<i:v\ 2. 3. 4. ^m^(nW^(r>m.^(oWi 

5 I n G a N^SIfo^lMlG a N«IK(^ai«ig^$: h 

f::#»<7)»l|g;&^?><c5e»^«l«iiTS)oTt J:< . 

KlOI nffifiKy 1 t-fSo Sfc. ±«f6;t/^ Klttt. 
Al GaN±«fB^^7!y Kit. Sttlttc»*ixfc. A 
1 «r«^7C*t LT^*«l^S(7)lfe*)9. £^-fUt 
-ltO«fig-Cfc5i^:^S»i)iV\ 2. 3. 4. si^oig 
40 5 I n G a N^iK*)5V^liG a N«lliO 

ffllWig-^* e>l^#»(0}»|g;5^b?i5S»^ffll1iiiT' 

*a^$r±Sl5;^^ Kl<7) I n*I^y 2 t-t"5o 
[0 0 151 *l§?^<7))t^^tfta»±»gli. 

so «?ifc^?jx5o 
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10 



[0 0 161 :^^0^(7)if^«($:u-if^^(iG a 

U^t. AlxlGai-xlN (0. 05^x1^0. 2) 
T^^yyVMt. I nyiGai-yiN (0<y 1< 1) 
TUif^ Kit. Alail nblGai-ai-blNi-el-flP 
elAsfi(0^al. O^bl. al-fbl^l. 0^ 
el, 0^fl> el + fl<0. 5) i: M a2 

I nb2Gai-a2-b2Nl-e2-f2Pe2Asf2 (O^a 2, 0 
^b2. a2 + b2^1. 0^e2. 0^f2, e2 + 

f2<o. 5) mmMt<D^:K^mm^T^f)^htj:bfs^M 

t. I ny2Gai-y2N (0<y 2< 1) ±?f^;tf-r KS 
Alx2Gai-x2N (0. 0 5^x2^0. 2) ±95 

TU:^^ Klt7)Kif d 1 fim. UTU:^^ Klco I nffi 

U:ff^ Vm<Olnm^y 2fi^0, 0 6^dl-i-d2. 
0. OlSyl. 0. 0 1 ^y 2(D^^.^^/c1"o 

[0 0 17] mum:^4 vm(Dmmd i ^m^^m% 

TSU:^^ Kit?:)! n^y 1;^^ yl^O. 0 0 3/d 
1-0. 0 0 3OBI^SrfflfiLTt>J:v\ 

[0 0 18] Bt]ETSi5;y'-C KltDKIid 1 Min^^ctmg 20 
TlFjJ:^^ Klcoi n*I^y 13(>^ y 1^0. . 0 0 3/d 

1 +0. 0 0 2(Dm^^i:WzLXh^^\ 

[0 0 19] ym(ommd2 nmi6^^± 

Vm(Ol n%my 2r\ y2^0. 0 0 3/d 2 
-0. 0 0 3cD|i#.?rSI/5:LTt<tV\ 
[0 0 2 0] mm±^:ff^ Kl(7)|gmd 2/im*5it;ig 
±«F|S^(f^ KlOI nffi^y 2*5. y2^0. 0 0 3/d 

2 + 0. 0 0 2(Dm^^^WcLXh^^\ 
[0 0 2 1] m^^T^:ff^ vm(Dl nlt^y 1. WIST 

KSom^ d. 1 M m. Wim±U^^ KlO I nffl 30 
fifcy2. ttlE±«P:stf'f Kl(^lf $d 2/xm*5j:t/atiae 
ttl<Olf $Wa (xm;!i^ y^O. 0 0 3/d-O. 00 

3+ (0. 0 0 7-0. 2 2xwa) . r::T\ d = 

(dl + d2)/2. y = (ylXdl+y2Xd2) 
/ (dl + d2) . (7)g|«4:SlfcbTt>.tV\ 

[0 0 2 2] mt^TUif^ h*M(D I nUa^y 1> flET 
Si5;<f-f KS<7)J1$ d 1 /i m. «IIB±a;Jtf^ KS(0 I nffl* 

(27c/A) = (2«/^) s i ne 

[0 0 2 8] mie {zfjki-'^^omitm^m^ i^—f^ 

^1 6 0 0(7)ffiiSlCioV^T. T^^yzSiSKt-^^tt^^SK^ 

E [x] --e X p [± j (2 7c/A) 
A = X/ (ncaN^-neq^) ^'^ 
1 11 m 

Z<OA\cX^±C^V y^^^^&it. ±^ (1) J: 0*^1 

2 3^ -efc»). 01 7^c*3^t61^:^t•-:^^^a:fitl^l^- 
a1-'5« tfl. FFP 1 7 0 3C0j:9JlTat5'7 5' Klf 50 



*l5Ey2, ^^±^if^ VS<OW-^ d 2 ^mi6X'C^^^^^ 
^iS(Om^'^a y^O. 0 0 3/d + O. 00 

2+ (0. 0 0 7-0. 2 2 XWa) . ZZX\ d = 
(dl + d2)/2. y = (ylxdl + y2Xd2) 
/ (d 1 + d 2) , (Dm^siW:.tXtX\^\ 
[0 0 2 3] BuETSiS:^^ K®^^ I nM^y 1 > huET 
Kl^T^I?* d 1 . fitllETfflSiJ' 7 y KKOA I ffi^ 
X 1 . StJlE-hgli;^^ Kl(^ I n#I^y 2. flE±ffl5:^-r 
2:i6^X^mt^±U^ y y KlOA UlfiKx 
2;6^ y^O. 0 0 3/d-O. 0 0 3+ (-0. 0 1 
0 + 0. lOXx) . rrT\ d= (dl + d2) / 
2. y = (ylXdl + y2Xd2) / (dl + d 
2) . x= (xl + x2) /2. t.<Dm&^t:Mt. LX t> 

[0 0 2 4] nti^TU:^^ KltOI nJ^^y 1, SuET 
^i^^ KlcoH ^ d 1 . mUT^^ y y KlOA 1 %m 
x 1 . KlO I n^tfiKy 2. fiij|E±lfi5:^-r 

vm<ow.^ d 2 43j:t;fiiiE±if(i^ 7 5/ vm(oh \ sl^Kx 

2;6^ y^O. 00 3/d + O. 0 0 2+ (-0. 0 1 
0 + 0. lOXx) . rrT\ d= (dl + d2) / 
2s y = (ylXdl + y2Xd2)'/ (dl + d 
2) . x= (xl + x2.) /2. tOgl^SriifcLTt 

[0 0 2 5] *%0J(7)3t^5^1t#S^gfi(l±Et^lS@ 
[0 0 2 6] 

[0 0 2 7] TE^.-KT-«S+S^»«^l^-if^^lw 
ii:*|fi]x<^m#5>*E [x] (2 7r/;i) s 

ine ti^tzy-^j^wskxhit- 



(1) 



^a^*^?>G a NlCOBJlT^nGaN*^ 2. 5 4 0 . 

- KO^ffiB^^neqli. 2. 5 1 t I^Sltj <to 

E [x] li/^^A'^gftLTV^6o !S^T-^1-i:^ KkT 

[0 0 2 9] 
x] (2) 
(3) 

11 6 0 2«r»<t^)i:±20' 1^ifi<7)1#->^ f-^3iS 
**^li^-t 5^0(1. G a Nil 6 0 1 irfSttl 1 6 0 4- 
:tf><K11 6 0 3. 1 6 0 6 t(7?g§gtJ!i^/J-^ <<CSwi: 
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(7) 

11 12 
ICi 0. G a NSl 6 0 I ^(r>n,W<r>^^ifi±^ < ti * (0< y 1< b 1 ) TU^^ Kll 0 4 {.mW-A 1 in 

t)> -eo^m. FFP*:S{bf5fc*:)i:%x6n5. $ m] ) > I nbiGai-biN (0<b 1< 1) #Fli: I 

bll. *«?^#?5 0^^m;t), SffiiLT-!^7 7f7 nb2Gai-b2N (0gb2<bl) PfSlirojJS^Jl 

irffiffiL, GaNSl 6 0 l(0)I$Srjte,-tt. ¥*4l6«) «ii*>e>?i5SttS 1 0 5 («3t}Sfi 3 7 0 ~ 5 0 0 n 

l^liFFP*5e^tg^i^5;i;J^!|ilJ^Lto Ga m> ^BI)f 5-6 O nm) , A 1 G a N:!f-+ -yT*® 1 0 

NSl 6 0 l--<D^#(D^>*;(|5«'>Lfcie^^jpLTl^ 6 (^e0~20nm) . p - I n y2G a i-y2N (0< 

i>tn7LhiXi>, t.1t. GaNStEt LTffll> y 2<b 1) ±»|5;!f^' Kll 0 7 (fflllfd 2 [/^ 

f>ix5Ga Nil 6 0 l<D^fao°D®^{ST^-ti:fc'9. ^ m] ) , p - A 1 a ]-x2N (0 . 05;Sx2S0. 

nm^^±^<Lfz'0-tit^) y:rj\'tm'>-r^t\>^ 2) ±|fP^7-> Kll 0 8 (IKlfO. 4,.in~10^ 

9, *«SJ#bro^f!f«£*li> ri^b<DS^^:^IJ; !3G a lo m) . p-GaN=':/^'^' Mi O 9£D#g{t'^^it£^ 

NSl 6 0 l(0)t!SltK*5±t</j;oT, !g*tLT. » «cl*5?l^fil$H-CV^5. SP>IC. p -G a N = V^';!' h 

il^^- KOGa Nmjoit?>l;#5>^i;!)wh$</i«9. F 1 1 0 9 <0±tE(w(4, ^JRSffi (fiajtlJ. Pd/Au. 

FP/J55Sc»$i%5r i:?r^tTV^5tOt#;tf>n5„ Ni/Pd/Au. Pd/Pt/Au#) 1 1 0;45j^fijt 

et±ro%gJoJ;U!^?^»^;J.f,\ 4#|r±2 0° f^iei^P $ixT*J»). Sfc, n-GaNS«(OS®IZtt&JRm<i 
M\Z±LiZt<r)^\>^^)y:ff\'<r>f^mi:.Tni'7yV (fi9J;ttf. T i /a K Z r/A K H f /a 1 Jfcif) 

1 1 6 0 2(7)^{S!l|;i#fit5GaNll 6 0 ll-*Jlt5 1 1 l;i5Ji?fig$ixTl^5o irr-tt, n-GaNSffil 

m#ro^»T*)5i:«lffiiJt3t. 0 1 irn-GaNlTflll 0 2lr#ii-T, GaNSiPf 

[0030J GaNlieOl l^fclt 5ll#CD}ii!);J5If, ^, 

BT^tSFFPOy s'7'/USr«*Wlw4i:/l:< lO 0 3 2J ii^^flcu— 1 0 0(C*}V>T. TSiSjtf 

±i6o#^^^ib, G a Nil ,6 0 i lcfc^^T 20 ^ k1 1 Q AHiinh^U-i Kl 1 0 7rofflfii<;fcJ:t;, 

(2) itIwdSCtSe X pB8»©§l»:Sr^SS:tt5rt. tors^ii, neq^nCaN'i'^^^i-rS J; ^iClS^^tlTV^ 
GaNll 6 0 ll;iJoJ:t51;#E i-x.] IfiyLljmmm. [ 0 0 3 3 ] ^ttfgiff^ n eql4> ^ 7 y^j^SSl-fclt 5 

^V^COT-^ MSLTV>5o neqWffiSrrOiei^^C^fit^Jr -f-l 1 9 6~ 1 2 0 S'^— (M. J.Bergman 

mtz-tX.b\:.^^X-^i>t^i:r>t\ if^m^htm^W. n and H. C. Casey, Jr. :App 

?=tU/c^m, KlSrl^SOMfife • KlfO I nyG a 1. Phys. vol. 84 (1998) pp. 1 

1-yN (0<y < 1) t-filtf. Sfife-e#5rtSr£v^ 30 1 9 6- 1 2 0 3) «r^RSi-ir « 

f*^"-^-" #^^^lf■3lt::*3^t?)/^•7^-^T•fc5, [n 

100 3 1] E1I4. :^%m(D^m»l^—fm^l 0 0 m] lCiolt5=S-«-1SfroBgf^neql4. JJlTOi^l^^ * 
i^tm^mvhi), @1I4« f*^l 0 0 ««Kgil43 0 0~8 0 0nm(DjgHi:1- 

^f^k— tJ'^^ 1 0 0J4> n-GaNSfilOl (Md [ 0 0 3 4 ] , ^^J-^SfcO/N'^pf — E g [eV]*5 

30~300;iin) ±JC. ^<0±izm».. n-GaN'f' ScSlT'-^x. tjixS, 

M110 2 (l»W0~3 0,jm) , n-AlxlGai-xi [00 3 5] I njG a i-gN (0 ^ s ^ 1) {CjtttT 

N (0. 0 5^x ISO. 2) T»^'7S/ Kll 03 »4, 
(R)10. 5Mm~10<zin) . n - I n yiG a j-yjN * 

Eg=Egl [s]=3. 42 (l-s)+2. 65s-3. 94s (1-s 
) (4) 

AltGai-tN (O^tSl) iCJtLTIl, 

Eg=Eg2 [t]=3. 42 (l-t)+6. 2t-l. 057t (1-t 

) (5) 

I ngA 1 tG a i-s-tN .(0< s<l. 0<t<l. O^s + tSl) |c*fU 
T(4, 

Eg = {sxEgl [s+t] + tXEg2 [s + t] I / (s + t) (6 

) 

±15 (4) ~ (6) \Zi:>). mmmn (p [A] ) 14. 

p[a]=l/[l/A-(Eg-3. 42)/1239. 852] 



1# BfS 2001-85796 (P2001-85796A) 



(8) 



13 

p [A] > 3 6 0. 7<Dt^ 



14 



n 



eq 



(p [A] ) = [4. 3 6 6 3 8 0 1 -rp2/ (p2- 2 9 5. 92) ] 0.5 



(7) 

p [A] ^ 3 6 0. l(Ot^ 



^eq 



(p ) = cO + clXq-f-c2Xq2-Uc3Xq3+c4Xq4 ( 



8) 



q = p [A] - 3 6 0 

c 0= 2.718 

cl= 9. 976e-3 

c2= 3. 005e-4 

c 3= 4. 584e-6 

c4= 2. 596e-8 

[0 0 3 6] f«5i^«^-t6#@lwjoV^T. #F 

X^h^f^lS^ Kll 0 4A*t±«fIS#-r Kll 0 7 4T* 

LT. ^«LTJ:v\ -r^jriD*>. S«T*fcSll0 1O 

KS104. I nGaN±gB:«f-r KSl 0 7OKi?-a 
n eq ^ n GaN * * 5 (wS 5 r i: t S , 

10 0 3 71 eil±<D#lilCct»9. ^mtUT. ^i.^. 
0. 06^dl + d2. 0. Ol^yl. 0. Ol^y 
2(^effirtlC±l2*#^jifc-r«^^5#«Ei-^> r ir^^t? 
*>5o 0. 06^dl + d2^0. 1 0» 

^ICIi, 0. 06^yl. 0. 06^y2. 0. Kd 
l + d2^0. ISOii^JCfl. 0. 0 4^yl. 0. 
04^y2. 0, 15<dl + d2g0. 2 0*^JC 

0. OS^yl, 0. 03^y2> 0. 2<dl + 
d2^0. Z(r)^'^\Z\t. 0. OlS^yl. 0. 01 
5^y2. 0. 3<d 1 + d 2<^«'g^lCJl. 0. 0 1^ 
y 1. 0. 0 1 ^y 2"C*)5o 
[0 0 3 8] rrT\ T6t;tf^ KSl0 4i:Jl. AIG 
a NTffl^ 7 '7 Kll 6 3 . Sttl 10 5^ (C^^H 

h-m(r>m^Xhh'Zmtfi:\^\ 2. 3. 4, 5®^0 
^^(r>mfli(Dm^Sih I n G a N3IK^5Vn|1G a N^S^ 

15pj§iu;^jjia^§rT{ai:!!/-r Kgl 0 4COI nM^y 1 t 
1rfl\i^\^\ tf:L. ±.UiS^ K® 1 0 7 A 1 Ga 



N±^^yy Kll 0 3 ir. gttll 0 5 irOHir** 

10 Lt-som^T*>5j£:^iiii?ivN. 2. 3. 4. smm 

<0^^(r>&^(D^fj:^ I n G a N?IK*>5V>HG a N?l 
»^*llt/cffi«Sr±l35;«f-r K®10 7(^)I nffifi£y 2t 

[0 0 3 9] if^»i:mfz'rmmx\ ^^w^-^m^ 

1 0 OSrf^KLfctr^. f)^^. mi7\Z^t> 

i^TV^fcy ?/>^y^^spp^g|-/^b*v^SS (l 0%iJXT) 

[0 0 4 0] immmm i ] ^mM<omm\t. n i 

^^JJi.T<?5<t5twJi^fi£U?to n-GaNS«10 1 (K 
fflOO^m) . n-G a Nl^r^l® 1 0 2 (i^g 3 /z 
m) ^ n— A IxlGai-xiN (xl=0. 1) 
S/Kai0 3 (ffllWO. 8^^m)^ n-InyiGai-yi 
N (yl = 0. 0 3 5) Tn:ff^ V'M104 mW-0 . 
iMm). I nblGai-biN (b l(l*-)0. 1 7 ) #F 
€ (KJ|:2nin) , Inb2Gai_b2N (b2 = 0. 0 
30 5) lEmi (BIS4nm) tro5!i:#l«ii (WMS/ 

FSttg 1 0 5 («itS[ft4 1 0 nm. i^M»3 4 n 
m) , AlzGai-zN (z = 0. 2) S'T'S 1 0 6 

(KfflSnm) , p-I ny2Gai_y2N (y2=0. 
0 3 5) ±U:fi^ Kg 1 0 7 (mW- 0 . 1 m) . p - 
Al,2Gai-x2N (x2 = 0. 1) iSS^'ys'KSlO 
8 (BSffO. 5/im) . p-GaNa:^^'^' hSl 0 9 

(SII90. 1 urn) , 

[004 11 ^UliSOJ^IiOif U— •J'*^ 1 0 0 
*v-f (3%JJIT) > 

8o'C(w*5^^Tta^SE«sl()f^*^?6K-etfc. 

[0 0 4 2] itmmtLX. *|IJ6<OffJffil::i6i|^«fr 
f 1^^- 1 0 0 KH04, 107OInGa 

NW{t*p'5(::> ^t3^5(Di|t«^^^-if«^^l 6 ooroJ;^ 
l-G a NSrffli'^/t*l^«(*:W'— 

Jtrou— t^^i^d, H 1 7 (OF F P 1 7 0 2 tl^lf (0, 
so y j/y/U©fo2.F F PiRfttitWUfc. -WJ: *S 
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10 0 4 3] :i^^m(orm(oi^m» ^^--fmi- ioo<d 

Zh. neq=2. 5 4 7 Tfc 0 . G a Nl(7)Stfr* n 
GaN=2. z> AO i:^hi^^t^-:>fZo Zi\.\Zii^ ^ n- 
GaNSfilOl. n-G a Ntf^rBll 1 0 2, p-Ga 

[0 0 4 4] 15:11. i(:ium<owM(o^m^\y-i^m=f-i 

0 0(Dm^Mi)^b. I nyiGai-yiNTglS:?^'^ Kll 0 4 
:fcJ:i;i. ny2Gai-y2N±gii:^^ Kll 0 7 C7) I nlifi£ 
y lfc^J:t;y 2 -ttl??(7:)K]|:d 1 [Mm] , d2 

^fB»^l:1-5S6^T\ ;tf-r Kll 0 4. 10 7OInm 
fi)c*5j:Utlf r^tfc>^by l = y 2, 

d 1 = d 2 9(r?FMLfio HI 3 (::7J^$i^5:^^ 

KS/ffi. #;tr>< Kll 0 4 . 1 0 7 cojf^ ( d 1 = d 
2) T-fc5)o lll3(-^SixSJ:9J-, Kl<Dinm 

;?/-rKllf$r0. 0 2 5'-0. I 5 ^ mt^7.X ^ 
a&^^omtG aN(Omigr^2, 5 4 0S:^x.?:^V\ 
KlOI nJia^«r0;!>^P>0. 0 9--i:S^{t;$-&5. 

tff^{lii:^L. :ff^ h^mmt-O, 1 5 Atmco^^l-(l. 
Inja^(«^0, 0 16Ei±. ;</>r KS1?;5S 0 . l^m 
(Om-^iat. I nffl^liiKlO. 0 2 8EiL±, ;?f>l' KgB 
;65 0. 0 5 MmO^-g^lw}^, Inffi^llii^O. 0 5 7J&1 
±T*^ffiJS^^OffiltGa NO®^^2. 5 4 0^j@;t 
So :J^^mm*^0. 0 2 5 /zm<^ig^. l^-fttOIn 
ilfl)5S;Tt. ^«®Sf*Ofid5Ga N<0lSSf*2. 54 0 
Sriet^tv^'o rrT% TIRJ;?/^ Kll O 

4i:lj:. AlGaNT^^yy Kei0 3t. Stt® 1 
0 5 t llJIJSttfcA 1 S:«fi£7C«t LT^*/.CV^litS 

i8M"Ct>-S(D«fifcTfc5iSJ^Sli*V\ 2.3. 
4. 5®^0«ISC)j|SfigOS;tS'I nGaN»Kfc5V^ 
J^G a N»|goaS«3t-^^ t>lw#»0«MJ&>b?i5i@ 

TiDl:¥i?llLfcm««rT«f»;5/>< KS 1 0 4 O I niffl^y 

0 7i:ft. Al GaN±«FU^7!y K® 1 08i:. Sttg 

1 0 5 ^ic^^ti/c. A 1 ^tS/S7c;^<b LT^^?il>/i 

2. 3, 4. 5/i^0^8fc(7)mfi)cc;)S^<^S I n G a N7II 
mteSlMlG a N»li£Ofl|®«ii-^$ iblC^t»(0»K;i^ 



(9) 

16 

m<Dmmvi}umi^Lfzmf&^±^^^ kiio7(7)i 

nm^y 2i:1-ix}iJ:v\ ^mmm2tj: 
[0 0 4 5] Kll 0 4. 10 KD^^ioXV^l n 

LV^ (1-/cC:b"t3, dl = d2. yl = y2) ^ 

^{I;- ^ffiStff^neqtG a N<Dm^mnQa^t^>^L 

<?i5. KSJi:t;tf-r Kl nmf&t(0Mi:m%vm 
4(i.T^L. ftjS.A{^ll^^7ti6.?>:^-(I)gi^o 13 4(1. <g 

10 All. yl = 0, 003/dl-O. 0 0 3TaafflT't 

5o ftllA±<DSi« (ftilSASr^tf) . isflji 
6^IIyl^0. 0 0 3/dl-O. 0 0 3$:^fi-MEffl 
T% #«Stff4^neqllG a N(7)Btff^nGaNW± ( n eq 
^ ncaN) t-^^ ^ > Stg^<7:)G a NJl 1 0 1 . 1 0 2 11 

T*t5o y2^0. 0 0 3/d2-0. 

0 0 3 ^SSfc-f w X\ ^mEtff^ n eqllG a NCDffiSf 
^ncaNJe^-t (neq^ncaN) .&»^<^)t^i^tt^ 

20 [0 0 4 6] IE]3*3<ttJ^ll4 T'(7)|f»ISim. ffl 

|ll&{b<^/ci6;i±T</:> I nGa N:#-< Kill 0 4. 107 
<olf $*5J:t/l n*l^?r*i-*rs -r^it?-^. dl = d2. 
yl = y2itfco U;6^L. mii*»ir^T-fcoT4) J: 
<. rco^-g^. ±T;^^ K^c7)3pi^ji:$, (d 

1 + d 2) /2 = d^. ;*f-r KJil5ir%;tiili. I13^q 

^nm4(ommti(Dti^mm\:^vhr) . tit. ±t 

:*f'1' Kl(7)jmfiKOSDa¥i^. (y 1 X d 1 + y 

2Xd2) / (dl + d2) =y^:^^ Kl I nM^i: 
LT#x.H«. 113ib^J:i;il4(0Bi^ti^:O*SI5lfl^ 

y2t(Dmit. -0. 05^yl-y2^0. OSiM 
#[C»*L<tt. -0. 0 3^ 
yl-y2^0. 0 3Srf^fc-rc dl^d2tcO 

Mt. mmmat. o. 3 3^di/d2^3?r?Kfc't 

ri:j55igj.s-ci)!9,.iRplcff*U<ll. 0. 56^dl/ 
d 2 ^ 1 . 8 Srttfc-fo ' 

[0 0 4 7] &mAX7jk;^ti^^Wi:mittm 

IliSv^^feft. eyx.tf. d = 0. 1 [/zm] ;&^o. y = 
0. 0 3 041^'^. d = 0. 0 7 [//m] ;6*o. y = 
0. 0 4 SCOm^^^lZlt. 'Z^-rth^±{ZFFP(D^) y 

FFPoo" (jESf^iS) (cffltfep^iy '>://U75s^i: 

N(DmiBf&&Xit. ti^J^-f/^^-^. ^rB4^0?^/J^?i^i 
T. *ilSA-e^$ix6*#^)a»lLTLS9®^;05fc 
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y^O. 003/d + O. 0 0 2 $rJSS/i1"telT'fc 

[0 0 4 8] S»?t)fe^¥^^tt$r#5rca6co. Kl i 
04. 1 0 TOffi^y . ^EcKi. ^4(Dft^A^'&t'» 

IS3£^?ti53&^ JJcOipftSfl^^e?. :^>f K^10 4. 

(CULT. #F®tc=af-^yrSra»(^Ki:ii*!)6iei»SJ7!)> 
yl^bl-0. 08. y2^bl-0. 08T-?t 

0. 0 9<t!9/^^v^li:?5^^ifiH/\ In*lfi£7&'^0. 0 

fCo ^^1-. *?^L<lt. yl^bl-0. K y2^ 
bl-0. l^m^V. (ll4(DlEi»B' J: Tfflt7)^igc 

ti. 5ot:T-i ooo^r«m±«75^^3i5a<*^:JT'^«t9 

t^iTtofCo :^^K1 1 0 4. 1 0 7(7)1 

n«5:»Ml(^I n*I^<t'9t>/h^<1-^wi:, t^^ 
yl<b2. y 2<b 2T-fc5rt*Sftt»* t 

«l^(^llll^O?^Sl2 7iv^L9T*olS«^^€fe-r^>:^^^ ± 
[0 0 4 91 IJ:J::. n«a^O^^. KlS:l?<?i^ 

ix5c ;tf^ KSi 0 4. i 0 7(^e;?^(c|| 

LTt. jf4LV>ffiH;65K^*ti5o I nffl^;ftS0, 0 
l£iL±<7)lgSO»'&. y^O. 16-0, exdoomm 
SrfSSfc^Jf (|gj4li77^?iX'5ai6lC£OicTffl!)^^^iS) . 

I n G a NMO?i0fiK;65^tg-Cfo ^9 . M "9 )tS:7i»5 
0. 0 0 1-10%O«ifflT% *a*fSfl^3SSj&^-12 5 
d B/H zj[;jlTco{g;^^%SK)<t;)^'5ItgTfo>). r(7)g6 
HT^tlT'l 0 0 0 Omm^±<O0^t>m%^^^^O 
{Zfjiofc, X^^tL<lt. y^O. 13-0. 6Xd 

sittc) . M 0 3ts:6* 0 . 0 0 1 1 0 %<r>mmx. ffiw 



m^^^&t'^- 1 3 0 d B/H z JeJlTtO(g:$t^%lit!)(^;^)'^ 
^igX^fcO. <£SI^^2SiJ<^?5i^|gT\ 7!)^o. 4ox:t 

1 0 0 0 0^PajJiL±<^#^3555|{g$n5 J: 9 tw/i:o/io 
[00 5 01 ^^l::. 07 b^g* '9S<1#t4(7)g:$f/.^ 
u-if^^$r#6li-^.^^^ll. KSUdlty 1 ^ 
0. 02. y2^0. 0 2(^^f8lC*tLT. 0. 12^ 

v^rt;55feorc (!^.-f4i:Tt*9 t<^"eti?iv^;&5) o 
L;6^L. d^O. 1 2(D®ffi{-PI^'t"51 i:T\ Z(D^ 

LV^tela (y^O. 0 0 3/d + O. 00 2. yl^b 
1-0. 1. y2^bl-0. Is yl<b2. y2< 
b2. d^O. 12. rrT\ bl=0. 1 7*3j:i;b 

2 = 0. 0 5) Sril4(w^«|-e^1-o 

[0 0 5 1 1 -cr).^.lcBILTIB«<^m«S:S»t2>fci^ 
IC. J0l|^(^»lfe(7)J^fii2?il^L9T'(iE«tl^lB&"t6 

[0 0 5 21 ^h\Zs m^^om^^m&Lx. 

ftSrS 8 0-^4 3 0 nm (20*0 (DtmtLXh. ± 
a! C7) 11^.^(1^ :b b 7i o 

[0 0 5 3] m^owm 2) ms i,z:^mmmmo^^^ 
f^u-if^^soosr^-To ^mm<Di^M(o^mv^^- 

^100 (^ffittl 1 0 5 $rSttl 5 0 5 IC^M Lfc,^.S: 

o UlEOff^til^jSttS^^ftU— f^^5 0 0OSttl5 
05O«^lt. I nblGai-blN (b l}:i*^0. 17) 
(Kl?2nm) . I.nb2Gai-b2N (b2 = 0. 
0 5) (I^lf4nni) iOSfS^lSii {BUI 

/#FS/»SS/*FH/PSfiS) d^?.^j^6 2fifi^ 
#FSttl (%)tJS:g4 1 Onm. i^^El 6nm) 
fcSo 5 0 0(7) 

gits 5 0 5 Hlfifgffi 1 0^»flcU-lf 1 0 0 
(DB^m 1 0 5 i:^®«igOliJ?3^5S7^<t^o 
[0 0 5 41 *^te(0Jgtic0f^JSft:W-1fS^C0«^(c 

u-if^^5 0 oici3v>T. ^t^\^^\i^^mmm\t2 
smAXh^. 1 1 ot:^l*3v^Tt^ijg^«t6«Jf^^'^^?^^ 

[0 0 5 51 itliifi^'J t T , *^li£(7) JI^® t W\ Cm^j^(^ 
ijfeSltf U~if^^5 0 0(75 I nOa Ht^h^l^i^^ K® 
5 0 5 ^LT. t^5l^COfi^^S(7)J:9(lG a N^ffll^fc^^jg 
so fjpu-ifSl^&f^KLfwi: (ai 7(DFFP 1 7 0 
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[0 0 5 6] -<7)J:9lw. *^ie(DJf^SglwJ;ti(i. ±^ 

[0 0 5 7] *:^Jgrojf^S|(0ij^.i9($: U— tJ'^^ 5 0 0 (D 

fctr^, neq=2. 5 4 3-C*>*), G a NSCDffiJfsp 

nGaN=2. 5 4 0 J; 19 A^ofc. ZtHzXi), n 

-GaNgtSlOl, n-G a NtfFB^ll 0 2, p-G 

[0 0 5 8] *lligOff^fiSO^ff^i?i|i LT. g 

ttgOffifiJt^r. I nbiGai-biN (b 1I«^0. 17) 
#F1 (Klf2nm) . InfazGaj-baN (b2 = 0. 
0 5) (K)?4nm) (KSl 

/^fM/ • • • /^'FM/Umm) t^htihZt.^!- 
ffFSttl (M3tJSft 4 1 0 n m. ^JS)f 2 2 n m) i 
Lfctr5. E2{w.TiLfcllligrojg{il 
X\ y •77'>'^/!l5|^i:^t•£e)i^''i^^FFP7•o7T1'/^ 20 

Jb\ t>•'*^|Ifc^,^T, ^tatit5ft5?IS 

g5<ili4 OrnAT-*)!?. 1 0 0'C(rt5^^Tt)aiK«S*) 

eq=2. 5 4 5-Cfct). G a N@OH^r^nGaN= 2 . 

5 4 o± t) t,:*:t;4>ofc, rix(;:J;0. n-GaNStg 

101. n-Ga NtfTB^ll 0 2. p-GaN^^'^'^ 

vmio9^X'<nm.^<Dmm^^tm<ti*). .tor. 
[0 0 5 9] :^mmnmm(r>^%w^-ii'm^z 

0 0(Dffiig;)»ib. fiH4l5 0 50«ig§r. -tWi^Klf^t 
S*S1L. #SttS5 0 5<dK)?IwWLT, ^ffifflSr 

0 6lcj;ixtf. SttlSO 5©|fi[(?;i5lO*»f>5 0nm 
®<6in?, <?ffiH*f*neqOffi*SGa NiOjaJf^ncaN 

l?34nm) X^^X^tciJ^ Vmt\ibhy}f^t>hfi^-' *o 
(1-*to*>. mii&T&m 1 KS 1 0 4 , 1 0 7 © I 

nffi^liO. 0 3 5r-fo?)WJrMt. I16;i'f3**!)6it 
5;«f-<Kl504> 507(DIn Jfl^ii. Stt^ 5 0 5 
Wl^JIii5 5~6 0 nmiTJteiaT'O. 035±0. 005 
MXhi) «c«lw(±> SttJi5 0 5(7) 

1 0 n mnm-tXij^m(Omm l W;!/ 
^ I n&t&O . 0 3 5lr+0. 00 5:/s#<1-'5 

nM^*5/h$<Tt f§ttSB!i)¥5 0nin^^-C so 
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t^iSWJi5^iro;tf'r KScoi nifl^O. 0 3 5*^ibl 
nfflfixliO. 0 0 5SS/h$<TtJ;v>fc*ltT-*j'5, ^ 

tULV^fcft. ll«0»S6lOi|£3!Efl:u— ifSl^ 1 00 

T-^Lf;^ft$rSttl5 0 5(0^lf 1 0~5 0 nmOffi 

~6 0n!n(;)i:t. E4<0ft||A-eS^gttl5^fef*lwgtt 
SKWWa [,im] IZiiimiEimtX. y^O. 0 0 

3/d-O. 00 3+ (0. 0 0 7-0. 2.2 XWa) 

H4(r3fti^A'T-^^ix5*ft:(Cgttg|g)?Wa 
[Mm] (-J:?ifflIESr*Dx.T. y^O. 0 0 3/d + 
0. 002+ (0. 007-0. 22 XWa) tttltf 

[0 0 6 0] ^cio. *IIJig(7)JI?^©J; m'&S<om 

mmmMX'hi>t^. (<wsi/#FS/- • •/ 
/• • • /w®g/#F®>offi(i!t) , iii±momm-^ 

#FlT-fc5ir#. (<#F^/PSM1/- • - /Kg 

10 0 6 1] $e>lc, ffittKDiia^SrPSLT, «3tj8[ 
gSr3 8 0~4 4 0 nm (20*0 OjgffltLT'b. ± 

[00 6 2] C^lgOJ^ffi 3 ) 11 7 (w*^i£roji5!i<73¥ 
mt^ i^—fmi- 7 0 0 Sr^-f. U 
-■ tf^^7 0 0(4. t)* 
1 0 0 ©±TO^' 7 Kg 1 0 3 . 1 0 8 <Offifig*J 
J;i/gttgl 0 5(D«fiS;Sr^ML)t,^.«rlife< 

tf^^l 0 Otl^C-CfeS. *^JSrojgffil;i*JltSi|i 
^{*:u^-tf«^!^7 0 0OgttS7 0 5C5«fiS;(4. I nbi 
G a i-biN (b 1(4*5)0. 17)#FS (K^2n 
m) . Inb2Gai-b2N (b2 = 0. 05) »mm 
)|[4nm) i©SEi:#S«it (WSa/#FJl/ • • • 

/^Fm/mmm) A^f>^i5 3Sg^#F»tts (i§?t 

jKS4 10nm. Slgl|[2 2nm) "CfeS, *lliSOJi^ 
lSirj3lt5i|£Wfl:u— tF5tl?-7 0 0 ro*h,€ix© ^ 7 y 

KlWfl!fiS;i4, n -A 1 xiG a i_xiN (xl=0. 1 
3) TSB^y K®7 0 3 (JilfO. Sum) . p-A 
1 x2G a i-x2N ( x 2 = 0 . 13) ±.U^ y y Kl 7 0 
8 (Brno. 5 Mm) Tfci, 

[0 0 6 3] ($ u-if 7 0 0 

«;*lIj^^^■r, FFF^iiJ^Lti:r5« l212li.T^tyi 
KiSwJI^ffi 1 Wit^^aStf*: u— f loot |5)«i;m(*T- 
y s':^/u*Siai:A.fafcix>'£i» (3%WT) ^u^T'I' 
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[0 0 6 41 itKwtLT. :^^m<r>wmtmcmm(rj 

4. 1 0 7 ir LT. «65feOi£»<7)«t 9^IGaN^rfflV^^) 
L:/bi:r5. 01 7(0FFP 1 7 0 2i:l^«0. V 

0 0^r^#5::i:;5ST•#^o 

[0 0 6 5] :^mm(orm(D^^i^ 7 O O cO 

fztZb. neq=2. 5 4 8T&«9. GaNliOH^^ 
nGaN=2. 5 4 0 J: 9 t:fc#3&^ofi« rixHiO. n 
-GaNStS701. n-G a Nl3F«1l7 0 2. p-G 
a f>l7 0 9^V(D^^(DmW}^^^''^A ?i 

•9. ioT. §:»tj:nfti^mmhtlfzh(Ot^K.htl 

[0 0 6 6] ^ ^1^. :^mm(r)rmcm^±T(r)^ y 20 

:yKS 7 0 3. 7 0 8(OlS^^. ^tl'^tls n-Alxl 
Gai-xiN (x 1 =0. 0 7) TU^ y ^ Kl 7 0 3 
(K1¥0. Sum) . p-A 1 x2Gai-x2N (x2 = 
0. 0 7) -7 K17 0 8 (KlfO. 5 // m) > 

'Lfci:r5. 112(C7!5Lfc^l£<75?^ffiH^^i^f^i^-i^' 
^^10 0 i:I^«lc*(^T% V y■y/\^f>^^t/uifn.htl 
/j^V> (5%£JLT) FFP:^o7 7'<>'^J55#bti. 

1f^^lC:}aV>T. ^?IiCibMt:5^SBHiJi7 OmAT'fo 
ofco r(Di|^^^fl5:w-1f^^ 7 0 0O^8S^-K<7)^« 30 
mVxmi:±'^^mzXy)^mhotzt^b. neq=2. 
5 4 2Tfc»5GaNlCDJBSf^nGaN=2. 5 4 0 ct "9 
t:fe#/)^ofco n-GaNSffilOl. n 

-GaNtpraSl02. p-GaN3>^^ hSl 0 9 

10 0 6 71 *^Jg<DJgJ8(Oi)t*ftU— tP*^7 
«r®>«rSHUT. ±T0^7ry KS7 0 3. 7 08OA 
nGaN^^^^^tt^^^-r I n Jlfl^y «rtHI t^fcJg 

tf}Vx i = x 2 tLfzo ms\zxri\t. ^yyh'M(DA 

\mi^f)*^0. 0 5 5;i)*e?0. 1 4 50SSfflT\ ^ffiEt^ 
* n eq<^fii:?&'^ Q a ^(OmmmnQ^i^i:^^^ X 0 l^^t^ 

3. 1 0 80A ui/S;{>5o. KD^^'t {%Mmmi^^ 

li6?gflgllIi3V^"C;^^'f KSl 0 4. 1 0 7 to I niltfifcll 
0.0 3 5T?fc6<7)(l«L, K@7 0 4. 7 0 7C0 so 
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I nmiSllO. 0 3 5±0. OOSl^rt) Ztt'^t>t^ 

(^^ K^O I n*IfiXO. 0 3 5) (I I n#i^?r-f 0. 
0 0 5:^t <'t.^j£;^l?5^fc5/cttTfc'9. ^5^7:^ 
KStOA 1 Jt^;&5/h$v>l5if I nffi^;6S/h$<Tt 
;^)^ ^75/ K^OA m^KO. 0 5 5tO#'&Tt^ffi<7) 
Ji^flSi (-:^tfc^#;i>^^ I nJiafiS;;ii*^0. 0 0 5mS/h^ 

\Z7r^\.fz^{f¥^^yyVmt^J^0. OS^t^hO. 14 
5 0SSfflT'iifflLTtctV\ il8T*(i. ±TOi7 

\t:L(om'k\^WLhfi^h<ox*\tfi<. lil8*#Sg•ti^l^ 
PJb/^^^ii^t::. ^7 '7 Klt7)A 1 «a^;?)^0. 0 5 5;^^ 
bO. 1 4 50«ifflT*jfemJiJ^t A/i:'^^:>t>?^V^t><7)T' 
fe6*^b. ±T0^7 2/ K17 0 3. 7 0 7<75ffi^«rr 

[0 0 6 8] ^yy kioa ui 

J^cx;5i^ 0. 05^x^0. 2(0<t#. El4(0ft^AT' 
^$Jx?)^W^(-^ 7 y K^coA 1 a^x i:: J: SffiiESriD 
y^O. 0 0 3/d-O. 0 0 3+ (-0. 0 1 
0 + 0. lOxx) ti-i^f^<i:v^r mst^hi^^ 
btL5o ^/-c. ^lEojf^filll^lEaiLfi^tPCSftlc 

ii^s ^f*uv^^sli^^ i2i4oftjtiA' 

:y K1<0A 1 Efi^xCict^rtiE^iDxT. 
0. 003/d + O. 002+ (-0. 010 + 0. 1 
Oxx) i:-rJiliJ:V^r 0 8 d^t>*i?>bttSo ^ 

^o*t(E¥*Sffi (xl + x2) /2Srxi: 

[0 0 6 91 *?>ll. A 1 G a N^^7!X KS<0«dc4:ffi 
riK<0S3t5VKo3&*0»^A 1 Ga NOSSSIIS>6^b?i 

m^±IBi5'^5' KloEfiKttix 1, x2i:L-C±t>J: 

[0 0 7 0] ^blc, ^^7 5/ KBoi?:;?fSr^;t5«^WSr 
^Tofc^:l5. Tmyy K17 0 3KB8LT. Kl? 

0. 6 MmW±T'foixJf. ±)£B(7)*W^5r^M-r5i£:^SIt 

^iTi^ofio ^^c. ±^s>^7^/ K17 0 811SILT. mm 

[0 0 7 1 ] ^ P^II. fStil 7 0 5 (DffifiJc^I^S LT. 
^)tjS:g:$r 3 8 0-4 4 0 nm (20X:) (DgEHirLT 
±'y!!^<om»^^n^^h^^f>'otZo 

[0 0 7 2] mm(r)rm a ] i^-^fm^it. 
mmcormi o^m» i-—^'m^ i o o ommxh 
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foOo n-GaNS«901 (MJ? 7 0 // m) (D±{Zn 
-G a N^l ^r^llg 0 2 (Jiii:4Mm) . n-Iric 
Ga i-cN (c = 0. 0 7) ^2^mM9 1 2 mW- 
0. 05/; m) . n-Al^iGa i-xlN (x 1=0. 

1) T«F|5^75/K19 0 3 (KlfiG. 7/zm) . n-I 
nyiGai-yiN (yl = 0. 0 3 5) TS{J;^^Kl9 0 
4 (MifO. l^m) . InbiGaj-blN ( b 1 J^l] 

0. 1 7) (MJI2 nm) , Inb2Gai-b2N lo 

(b2 = 0. 0 5) (l!il?4nm) 
tSit (Ptm/^Fl/- • -/^Fl/KMl) t^h 
<?^5»fl:i^#FSttl9 0 5 (^^iK:t4 1 Onm, 
ifeKl?3 4nm) . p-AlgGai-zN (z = 0. 2) 
TSl5*-lr3/7'l9 0 6 (KJilSnm) , p-Iny2G 
a i-y2N ( y 2 = 0 . 0 3 5) AiU^^ Kl 9 0 7 m 
I?0. lum) . p-A 1 2iG a i-ziN (zl = 0. 

2) ±n^^y>r^9 I 3 (J^ifSnm) . p-AIx2 
Gai-x2N (x 2 = 0. l) y y h'M 9 0 B (m 
IfO. Smhi) . p-Ga N=i>^iJ7 M9 0 9 (Slff 20 

0. 1/zm) tmKkmMm^^tix\^^^o ^mmmm 

l:i*5V>r(l. TSFSi5^7 5/ K19 0 3(7)Tlln- I ncG 
ai-cN®24^rai9 1 2;5^^$|$iaT:Jo«9. Ztlit. 

±ffll;<f>r K®(^)±lwp-A l2iGai-2lN (zl = 
0. 2) ±a5:3f^77^l9 1 3;^|5^^K$i^T:^b*D. rti 
It, U-ifWificoaiffM^^iC. I n5:^A.T*«fife^tl 
5;^-^ KS9 0 7<D^%l::J:56&{t:«rl»±1-^>fci^)(cS 
tt:fe4>cor*fc5o 30 
[0 0 7 3] if^%m.mm<0^^^ U-if ^T- 9 0 0 O 
«fiS;ic^oV^T. FFP4:ffiiJ5£tfct |gl2cr>J:9lc 

WJLfc. /j^ia. ^?&lr*3Jt5^^BI»t5 5mAT-$) 

[0 0 7 41 ItftffJtLT. %%%(r>Tm}inzmr&(n> 
it^^($:i^-iF^^9 0 0(75 1 nGa P/>*?>?i5;^f^ KS 
9 0 4. 9 0 7lr^^3K^oatS<OJ:9^-GaNS^fflV^Tif^ 
^flcu— tffg^^rf^Utytirr^. El 7(0FFP 1 7 « 

0 2 tlUtHJcy ^^y^^^TJfcSFFP^ttSr^tfco 

tt:U'-if^i^9 0 0^^#5r <b;65T'^5o 
[0 0 7 5] *^llSO?gB|C0^#tt: f 9 0 0 <7) 

neq= 2. 5 4 7 T'fc 19 . r<7)i:9(C. n- 

1 ncG a i-cNM 2 4^^19 1 2 iti^'y Ym<0¥^U\Z 

iftm Ltj:\^^mm<omm i <7)ifi«fr u-if i o o 

KJi9 0 3. 9 0 8 J:i}trtffli)(75fl?ig(lJ:i9(Ji?ft;£^F 50 
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^^£<7)J^^figl/j^l^L3^c^Lfc^«ffi 

9 11^5^7 ^/^SrB5il:1-5:t4?>Og (InGaN 
T*«^$tl8IliO. l/imKIT) ^^2SAtTt^:bb/«^ 

^^biw, ^ffiStfr^rieq^'^P -A 1 21G a 1-2I 
N (z 1 = 0. 2) ±m^^y':^M9 1 3i:±n^^ K 
19 0 7<^±|fi5^7«;/ K® 9 OSirOPBld^agL^l^ll 

m(Dmmi<Dm'^tmcxh^fz<Dit. p-aiziGb 

l-zlN(zl=0. 2) ±gl5:^r^';/7'l9 1 3;d52 0 n 
m«T t »V n eq<om\zmi t A/ if 

^tfSJT^neq<7)tt;^5G a N(7)Etff$nGaN^j@X.S^ 

(I nGa NT«^$tllKl?0. 1 ^ mJEJlT) Sr^At 

[0 0 7 6] [^te^7)?F^^5) Hi 0(^4^2g<$W—!f^ 
^-lOOO^^to ^2S(*:L^-f-'^T-l 0 0 0(1. |g|9 

d:(Di,<DtLfzh(DXh^o n-GaNSSlOOl 
(KJi:3 0-3 0 0 /zm) o n-G a N^l tt^relSl 0 
0 2 (Kji:0'-3 0 Mm) . n-IncGai-cN (0. 
Ol^c^O. 2) ^2't'W11012 (IKgO'-O. 
1/zm) . n -A 1 xlG a i-xiN (0, 05^x1^ 
0. 2) TSi5^7yKll 0 0 3 (l^iSO. 6-1 0^ 
m) . n - I nyiG ai-yiN (y 1 1) T%^^ K 
11 0 04 (KEd 1 [i/m] ) . I nbiGai-blN# 
Fl. I nb2Gai-b2N (b 2<b 1) |S|^li(7?$S 
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